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Abstract 
Study Design: Biomechanical experiment 
Objective: The aims of this study were to test the effect of fascial tension on lumbar segmental 
axial rotation and lateral flexion and the effect of the angle of fascial attachment. 
Summary of Background Data: Tension in the middle layer of lumbar fascia has been 
demonstrated to affect mechanical properties of lumbar segmental flexion and extension in the 
neutral zone. However, the effect of tension on segmental axial rotation and lateral flexion has not 
been investigated.  
Methods: Seven unembalmed lumbar spines were divided into segments and mounted for testing. A 
6 degree of freedom robotic testing facility was used to displace the segments in each anatomical 
plane (flexion-extension, lateral bending and axial rotation) with force and moment data recorded 
by a load cell positioned beneath the test specimen. Tests were performed with and without a 20N 
fascia load and the subsequent forces and moments were compared. In addition, forces and 
moments were compared when the specimens were held in a set position and the fascia loading 
angle was varied.  
Results: A fascial tension of 20N had no measurable effect on the forces or moments measured 
when the specimens were displaced in any plane of motion (p>0.05). When 20N of fascial load 
were applied to motion segments in a set position small segmental forces and moments were 
measured. Changing the angle of the fascial load did not significantly alter these measurements.  
Conclusions: Application of a 20N fascial load did not produce a measureable effect on the 
mechanics of a motion segment even though it did produce small measurable forces and moments 
on the segments when in a fixed position. Results from the current study are inconsistent with 
previous studies, suggesting that further investigation using multiple testing protocols and different 
loading conditions is required to determine the effects of fascial loading on spinal segment 
behaviour.  
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Introduction 
Both the abdominal muscles1 and lumbar fascia have been proposed to have a role in mechanics and 
stability of the lumbar spine 2-4. The fascia is composed of three layers; anterior, middle and 
posterior with the latter two being thicker and having distinct attachments to each lumbar vertebra. 
The posterior layer envelops the paraspinal muscles and attaches to the spinous process 5, while the 
middle layer attaches to the transverse processes.  
 
Biomechanical studies investigating this to date have reported segmental motion stiffness is 
increased in flexion and reduced in extension when tension is applied to the middle lumbar fascia 
(MLF)4, particularly around the initial region of displacement2, or neutral zone (defined by Panjabi 
6).  Hodges, et al. 4 used porcine specimens to observe changes in stiffness at the L3/4 motion 
segment with and without contraction of the transversus abdominis muscle (TrA), evoked by 
electrical stimulation 4. This study found that tension in the fascia increased stiffness in segmental 
flexion but not extension. Similar behaviour has been demonstrated in experiments on human 
cadaveric segments2, where specimens were mechanically tested with and without tension generated 
by applying a force primarily through the MLF. These authors reported increased segmental 
stiffness when the fascia was loaded. Experiments on whole cadavers also indicate that this layer 
affects mechanics of the lumbar spine in lateral flexion3.  The capacity of the fascia to return a 
cadaveric, laterally flexed torso to a neutral position was tested by inflating intra-abdominal 
balloons designed to tension the MLF3. The authors reported that fascia may provide a substantial 
restorative moment (i.e. return to upright) via this mechanism of up to 14.5 Nm over the whole 
lumbar spine3. These studies support a role for lumbar fascia on segmental mechanics and highlight 
the need for further investigation of segmental motion in multiple planes. 
 
The mechanical effect of tension in the isolated MLF on a single motion segment tested in three 
planes of motion has not previously been reported. This tension is of interest because in healthy 
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individuals activation of the TrA is reported to occur in advance of lumbar spine perturbation so 
may prepare the spine for contraction of more superficial muscles7,8. Previous studies have 
tensioned the fascia in line with the transverse processes (posterolaterally)2, or “antero-laterally” 
from their attachments 9. Another study found that average force required to fracture the transverse 
processes was greater when tensioning the fascia laterally (mean 82N, range 20-190N) compared to 
anteriorly (mean 47N, range 25-70N) 10. Further investigation is required to determine whether this 
angle of application affects the biomechanics of the segment. 
 
Therefore, the aims of this study were two-fold; first to investigate the effect of tension in the 
middle layer of the lumbar fascia on segmental lumbar spine mechanics in all three planes of 
rotational motion (using a robotic testing protocol); and second, to investigate the mechanical effect 
of loading the fascia on a static motion segment at different angles. 
 
Methods 
Specimen preparation 
Seven lumbar spines were obtained via the Queensland University of Technology (QUT) body 
bequest program. Computed tomography (CT) scans were obtained of each specimen (SOMATOM 
Definition Flash, Siemens Ltd, Erlangen, Germany, 0.5mm3 voxel size) to check for any segmental 
pathology such as osteophytes or fractures. Spines with previous history of surgery were excluded 
prior to CT scanning. The project received ethical approval from the QUT Human Research Ethics 
Committee (#1400000126).  
 
Lumbar spines and paraspinal soft tissues were removed from unembalmed cadavers and frozen. 
Specimens were defrosted at 4ºC for 24 hours prior to testing according to Adams 11 protocol. The 
specimens were dissected down to the functional motion segment such that each specimen consisted 
of two vertebral bodies, the intervening intervertebral disc (IVD), all ligamentous structures and the 
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MLF. Specimens were mounted in pots with the mid transverse plane of the IVD aligned parallel to 
the horizontal plane of the fixture using dental acrylic (Paladur, HeraeusKulzer GmbH, Hanau, 
Germany). To improve the bond between the specimen and the bone cement three screws were 
inserted at oblique angles through the upper and lower endplates of the specimen, with care to 
ensure that they did not penetrate the vertebral endplates adjacent to the intervertebral disc. The 
mounted specimen was preloaded with 450N of compression2, (Instron 5976, Illinois tool works, 
Norwood, Massachusetts, USA) at room temperature for an hour to remove excess moisture from 
the disc. Preliminary testing and creep data from the literature12,13 suggested that an hour was 
sufficient to ensure that the change in disc displacement, caused by the static load, was less than 
0.01mm/min. 
 
The mounted specimen was positioned in the test rig and custom made serrated clamps were fixed 
to the MLF so that tension could be applied. A 20N force was applied in line with the transverse 
processes to simulate a 50% maximum voluntary contraction of the TrA in keeping with previous 
research2,8. 
 
The robotic test device and recording devices 
The specimens were tested using an industrial robot (IRB 4400/60, ABB, Västerås, Sweden) 
instrumented with a six degree of freedom load cell (JR3, 160M50A, Woodland, California, USA) 
(Figure 1). Specimens were oriented such that the sagittal plane contained the y and z-axes, the 
coronal plane contained the x and z-axes and the transverse plane was perpendicular to the z-axis 
(i.e. vertical). Once the specimen was loaded the angle of the transverse processes from the coronal 
plane at the base of the transverse processes was measured using a goniometer (Figure 2). The load 
cell has a nominal accuracy of 0.25% of the measuring range (i.e. ±0.1Nm in all axes, 2N when 
loaded axially and 1N in the sagittal and coronal planes). The resolution for the device is 0.01Nm in 
all axes, 0.1N in the x and y axes and 0.2N in the z axis. 
Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
The robot displaced the specimen in each plane of motion (displacement control) at 2º /sec 14,15 
around a predefined instantaneous axis of rotation (IAR). The IAR was set for each specimen at the 
middle of the disc in the coronal and transverse planes, and in the posterior third of the disc in the 
sagittal plane in accordance with in-vivo measurements of the centres of rotation16,17. The co-
ordinates of this position were estimated by three investigators with the mean value being used. 
Data was post-processed using custom written software (Matlab, R2013a, The MathWorks, 
Massachusetts, USA). 
 
Test protocols 
Each specimen was subjected to two experimental procedures. The first was displacement control 
cyclic testing, here, the robot was used to rotate the specimen through range in each plane of motion 
separately (i.e. flexion/extension, lateral flexion, axial rotation). In the second procedure, referred to 
as static varied angle testing, the robot remained stationary but the fascia was loaded in three 
specific orientations. 
 
Cyclic testing 
Testing was conducted first without, and then with load bilaterally on the fascia for all specimens. 
Pilot testing was conducted on each specimen to determine the range of motion in each direction 
required to generate a moment of 10Nm, which is similar to previous experiments18,19. Pilot testing 
determined that seven cycles of rotation was sufficient to precondition the specimen such that the 
mechanical behaviour was consistent between cycles, therefore, data from the seventh cycle were 
used in analysis. The specimen was allowed to relax for 5 minutes between tests and was kept 
hydrated throughout testing by spraying the specimen with phosphate buffered saline (PBS). The 
moment data measured at the load cell was processed such that the moments about the IAR, rather 
than the load cell itself, could be compared. 
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Static varied angle testing 
Fascia loading was manually applied using 2kg weights in a specific sequence: bilaterally, left side 
only then right side only. Each of the three applications was held for five seconds and repeated three 
times with an intervening unloaded period of five seconds. The three angles of fascia loading were 
1) in the coronal plane, 2) in line with the transverse processes of the specimen, and 3) at double the 
angle from the coronal plane to the line of the transverse processes (Figure 2). 
 
Data analysis 
In cyclic testing, moment-rotation graphs from the loaded and unloaded fascia tests were visually 
compared. More specific analysis of the moments generated was performed by comparing forces at 
specific angles of rotation using paired t-tests with the alpha value set at ≤ 0.05. For the static tests 
forces and moments about the three axes were compared for the different fascial load angle 
applications. 
 
Results 
Specimen demographics 
Details of individual specimens are shown in Table 1.  
 
Cyclic testing 
Typical moment-rotation curves, in each plane of motion are shown in Figure 3ABC (data for all 
specimens are given in Appendix 1,2,3). Visual inspection of the moment-rotation curves for each 
specimen did not appear to show a difference between the loaded and unloaded conditions in any 
plane of motion. 
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Average moments were calculated from all specimens at specific rotations for each plane of motion 
within the neutral zone (Figure 4ABC). These were analysed with paired t-test but no significant 
differences were found at any degree of rotation (p>0.05). 
 
Static varied angle testing 
The resultant forces and corresponding moments for the static tests are presented in Figure 5. An 
instrumentation failure meant that data were not available from one specimen (S1). Resulting forces 
in the coronal plane (Fx, Figure 5a) were smaller with bilateral loading than with unilateral loading 
and in all three conditions forces tended to be similar. Average moments in this plane (My, Figure 
5b) were small with large standard deviations, in particular with unilateral loading. In the sagittal 
plane resultant forces (Fy, Figure 5c) tended to increase as the angle increased from the coronal 
plane. This was evident in both bilateral and unilateral loading. Moments in the sagittal plane (Mx, 
Figure 5d) were small. In bilateral loading there was a shift away from baseline as the angle was 
increased and this condition yielded the greatest values. However, the differences seen with the 
change in angle of the fascial load did not reach statistical significance (p>0.05). In unilateral 
loading the resultant moments were similar in all three conditions. 
 
Discussion 
Novel findings 
This is the first study to test the effect of the MLF on segmental mechanics in three planes of 
motion and using a robotic displacement testing setup. In this study we did not see any effect of a 
20N load applied to the MLF on segmental stiffness (i.e. moment-rotation, Figure 3) in any plane of 
motion when the specimen was moved through range. Forces and moments were observed when the 
specimen was stationary and a 20N load was applied to the fascia but varying the angle did not 
significantly affect these forces or moments. It is interesting to note that while the forces and 
moments measured in the static tests were of a magnitude similar to those seen in the central portion 
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of the load-displacement curves, they are nonetheless small compared with the moments at the end 
of range and did not affect the dynamic behaviour. Future work could look at increasing the fascial 
load but in these elderly specimens higher loads were deemed likely to tear the fascia.   
 
Cyclic testing results and previous studies 
Our results were unexpected in that they differed to past research findings. Previous authors have 
reported an increase of stiffness in segmental flexion when the fascia is tensioned 2,4. In sedated 
pigs when tension was generated in the fascia by contraction of the TrA the relative stiffness of the 
L3/4 intervertebral joint was increased during mechanical displacement into relative flexion but no 
difference was reported into relative extension4. Similarly, a study of human, cadaveric motion 
segments reported an increase in stiffness into flexion around the neutral zone but not into 
extension2. Both Barker, et al. 2 and the current study tested motion segments in a mechanical 
device with and without 20N of tension applied via the lumbar fascia, to permit comparison 
between the two studies.  
 
There are two notable differences between our study and theirs. First, our sample was older than 
theirs (median 86 years, range 79- 94 vs median 67 years, range 39- 97, respectively) so while they 
estimated 20N to represent 50% of maximum voluntary contraction it may represent more than that 
in our sample. We consider this reduces the chance of a type 2 error in our study. Secondly, Barker, 
et al. 2 used testing that allowed the specimens to rotate about an axis defined by the specimen 
tissues and not the test rig whereas the current study imposed a fixed axis of rotation for the 
segment. Displacement control testing was chosen to reduce variability in test conditions at low 
loads, where small changes in load can cause large changes in displacement20; this is advocated for 
experiments testing effects around the neutral zone 18,20. 
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Similarly, an effect of the fascia on lateral flexion reported in whole human cadavers3, contrasts 
with results in the current study, where no effect was seen. Tesh, et al. 3 estimated that the MLF may 
provide up to 40% of the resistance to lateral displacement. The current study applied tension to a 
motion segment that was displaced from neutral as opposed to from a laterally flexed position. 
These two test conditions appear to simulate different physiological conditions, the first being 
displacement from neutral spinal alignment and the second returning to neutral from a laterally 
flexed position. Given that the current study aimed to investigate the effect of the fascia in the 
neutral zone, displacement from the neutral position was considered the most relevant 
methodology2,18. 
 
Static varied angle testing 
Forces and moments recorded in the static varied angle testing were consistent with what would be 
expected from the applied load (Figure 5). That is, unilateral loading generated large forces in the 
coronal plane whereas bilateral loading in the same plane produced small forces, consistent with 
equal and opposite forces cancelling each other out. Conversely, in the sagittal plane as the fascia 
was increasingly oriented posteriorly the observed resultant forces and moments tended to increase 
as would be expected from a larger portion of the vector being directed posteriorly. Previous studies 
have tensioned the fascia either in line with the transverse processes2 or “antero-laterally” to 
approximate the position and orientation of the TrA9. The current study suggests that, while not 
reaching statistical significance, the forces and moments imparted by loading the fascia on lumbar 
motion segments may be affected by the orientation of the fascial attachment to vertebrae. 
 
Potential implications 
There is evidence that TrA activity occurs in advance of movement in healthy individuals7, is 
delayed in low back pain21 and transmits the majority of its force via the MLF2. This suggests that 
this musculo-fascial system has a role in spinal stability. The displacement control testing conducted 
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in the current study did not identify an effect of the loaded MLF when the specimen was displaced 
through range. It may be that in vivo activity of the paraspinal muscles alters the distribution of 
force through the middle and posterior layers of fascia3,9. Other studies have applied lateral tension 
to the fascia while inducing tension in the posterior fascial layer to simulate activity in the erector 
spinae and multifidus muscles3,9. These studies have reported that such loading generates a caudo-
cranial gain3 and increases tension in the posterior layer of fascia with a concomitant reduction in 
that transmitted through the middle layer9.  
 
Despite this the horizontal fibre orientation in the MLF22 is broadly consistent with the fibre angle 
in TrA23 and can transmit considerable horizontal forces10 which supports reports that this is the 
primary conduit for force generated by the TrA3,10,24. These observations, however, do not exclude 
other means by which this musculo-fascial unit may contribute to spinal stability3,4,25,26. It will be 
important to examine further the interaction between all layers of the fascia to reproduce a more 
physiologic loading scenario to elucidate the effect of all layers of the fascia on spine mechanics. 
 
Limitations 
Use of segments from elderly cadavers may have affected results27, however, given the higher 
prevalence of low back pain in higher age groups it could be argued the use of these specimens was 
appropriate28. In addition, use of elderly specimens is consistent with previous studies suggesting 
results are comparable18,29. Nevertheless, we attempted to minimise the effect of marked segmental 
pathology (such as osteophyte formation and severe disc degeneration) on our results by excluding 
certain segments after the assessment of CT images.  
 
We used an estimate of 50% MVC (i.e. 20N2) of transversus abdominis to tension the fascia in our 
study based on electromyographic evidence from a previous study of a younger sample 
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(25±4 years)8. While the force generated in older populations may be less than this, the use of a pre-
existing value from the literature enhances the comparability of our findings.  
 
The displacement controlled testing apparatus used in this study restricted movement to a fixed 
range in a single plane around a fixed IAR, which may not be representative of physiological 
movement. In particular, a fixed IAR does not permit translation, which has been reported in 
previous in vitro30 and in vivo studies31. It may be that tension in the MLF constrains translation and 
if so this would have been obviated by use of a fixed IAR. This difference may explain why 
previous studies (using a setup that allowed the specimen to rotate about an axis defined by the soft 
tissue elements of that specimen) observed an effect of fascial tension on motion2,4 while the current 
study did not.  
 
Conclusions 
We investigated the role of the MLF in all three planes of motion in isolation as previous studies 
have identified a role for it in flexion-extension, particularly around the neutral zone 2,4.  Although 
applying a fascial load of 20N to a static motion segment induced observable, but small, changes in 
the moments and forces recorded, no differences were observed in the moments recorded when the 
specimen was displaced in flexion-extension, lateral bending or axial rotation with and without 20N 
of fascial tension. Results from the current study are inconsistent with previous studies that have 
reported an effect of the fascia in the neutral zone of motion suggesting that further investigation 
using other testing protocols is required to ascertain the role of all layers of the fascia on the 
behaviour of a spinal segment. 
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Table legend 
Individual Specimen number Age Gender Levels Angle of transverse process* 
1 
 
S1 83 F L3/4 23° 
S2 L1/2 23° 
2 S3 89 F L2/3 16° 
3 S4 79 M L3/4 32° 
4 S5 92 F L2/3 41° 
5 
 
S6 86 M L1/2 26° 
S7 L3/4 39° 
6 S8 85 M L3/4 39° 
7 S9 94 M L3/4 42° 
Table 1 – Details of the specimens that were tested. 
* measured from the coronal plane, see Figure 2 
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